The genus Starmerella, which belongs to the family Trichomonascaceae, was proposed by Rosa and Lachance [1] to accommodate the teleomorph of Candida bombicola, for which ascospore formation had been discovered. Species of the genus Starmerella described subsequently include Starmerella aceti [2] , Starmerella bacillaris [3] , Starmerella caucasica [4] , Starmerella jinningensis [5] , Starmerella meliponinorum [6] , Starmerella neotropicalis [7] , Starmerella orientalis [8] and Starmerella syriaca [9] . More than 20 species of the genus Candida are recognized as members of the clade including members of the genus Starmerella based on phylogenetic analysis of the D1/D2 domains of the large subunit (LSU) rRNA gene [10] [11] [12] . Most yeasts in the clade incorporating members of the genus Starmerella are physiologically similar, are fermentative and utilize few carbon compounds on standard growth tests used for yeast identification [10, 11] . Because some species differ from one another on only with respect to one or two tests, it is recommended that species identification be based on gene sequence comparisons.
During a study on yeasts associated with insects, 11 yeast strains were obtained from scarab beetles collected in Nanyang, Henan Province, Central China. These strains are shown to represent four novel species belong to the clade including the members of the genus Starmerella, most species of which have been isolated from insects and various sugarrich substrates that these insects visit [11, 13] . In this paper, we describe these species as Starmerella anomalae f.a., sp. nov., Starmerella asiatica f.a., sp. nov., Starmerella henanensis f.a., sp. nov. and Starmerella scarabaei f.a., sp. nov., respectively.
Host insects were collected from two localities in Nanyang, Henan Province, Central China using light traps or by directly extracting them from their habitats, such as leaves and trunks ( Table 1 ). The methods used to isolate the yeasts from the gut of insects have been described previously [14] . The insects were placed in Petri dishes for 1-3 days without food prior to dissection, which helps eliminate some contaminating organisms that may be isolated from the gut. Surface disinfection was performed by submersion in 95 % ethanol for 1-2 min. The alcohol wash was followed by a 0.7 % saline rinse. The insect gut was removed aseptically under a dissecting microscope. The gut segments were streaked on acidified yeast extract-malt extract (YM) agar IP: 54.70.40.11
On: Thu, 27 Dec 2018 23:43:09 (0.3 % yeast extract, 0.3 % malt extract, 0.5 % peptone, 1 % glucose, 2 % plain agar; adjusted to pH 3.5 with HCl) plates and incubated at 25 C for 3-4 days. The different yeast morphotypes were purified at least twice and stored on YM agar slants at 4 C and in 15 % (w/v) glycerol at À80 C.
The yeast isolates were characterized by standard procedures described by Kurtzman et al. [15] . All tests were performed by replica plating on solid and in liquid media, and the results were read after 5 and 21 days of incubation. Ascosporulation was investigated by inoculating the yeast strains on YM agar, 5 % malt extract agar, corn meal agar and yeast carbon base supplemented with 0.01 % ammonium sulphate (YCBAS) agar (1.1 % yeast carbon base, 0.01 % ammonium sulphate and 1.8 % agar) in pure and mixed cultures at 17 and 25 C for up to 4 weeks.
Genomic DNA was extracted using an Ezup Column Yeast Genomic DNA Purification Kit (Sangon Biotech) according to the manufacturer's protocol. The D1/D2 domains of the LSU rRNA gene and internal transcribed spacer (ITS) regions were amplified by PCR and sequenced using primers NL1 and NL4 [16] and ITS1 and ITS4 [17] , respectively. Each 50 µl of PCR mixture included 21 µl of PCR-grade water, 1 µl of DNA template, 1.5 µM of each primer and 1 µl of PCR Master Mix (2Â) (0.05 U µl À1 de Taq DNA polymerase, reaction buffer, 4 mM MgCl 2 , 0.4 mM of each dNTP; Sangon Biotech). PCR reactions were carried out in a S1000 thermal cycler (Bio-Rad Laboratories). The amplified products were purified with a QIAquick purification kit (Sangon Biotech) according to the manufacturer's instructions. Sangon Biotech (Shanghai, China) performed direct sequencing of the purified LSU rRNA gene and ITS PCR products using primers NL1 and NL4, and ITS1 and ITS4 with a Taq DyeDeoxy terminator cycle sequencing kit (Applied Biosystems) according to the manufacturer's protocol. Purified sequencing reaction mixtures were separated with a 3730XL automated DNA analyser (Applied Biosystems).
The program BLAST [18] from the National Centre of Biotechnology Information was used to compare the sequences from the D1/D2 domains of the LSU rRNA gene and ITS regions with available data present in GenBank (ncbi.nlm. nih.gov) for identification of the most closely related taxa. The sequences were aligned using CLUSTAL_X version 1.81 [19] . A phylogenetic tree was reconstructed based on the combined sequences of the D1/D2 domains of the LSU rRNA gene and ITS regions with MEGA software version 5.0 [20] . The evolutionary distance data were calculated using Kimura's two-parameter model [21] in the neighbourjoining analyses. Saccharomyces cerevisiae CBS 1171 T was employed as the outgroup in this analysis. Confidence limits were estimated from bootstrap analysis (1000 replicates) [22] , and only values above 50 % were recorded on the resulting trees. Sequences from this study and reference sequences obtained from GenBank are listed on the tree.
SPECIES DELINEATION, CLASSIFICATION AND ECOLOGY
A total of 82 yeast strains were isolated from the gut of scarabs beetles, 56 strains from 15 samples of Anomala corpulenta (Coleoptera: Scarabaeoidea) and 26 strains from three individuals of Anomala heydeni (Coleoptera: Scarabaeoidea). By comparison of the D1/D2 domains of the LSU rRNA gene and ITS sequences, which are widely used for fungal molecular systematics, 71 isolates present in the samples were identified as known species, including Candida cetoniae, Candida coleopterorum, Candida gotoi, Candida lignicola, Candida tropicalis, Candida xiaguanensis, Hyphopichia paragotoi, Hanseniaspora uvarum, Lachancea kluyveri, Lodderomyces elongisporus, Nematodospora anomalae, Pichia exigua, Pichia manshurica and Saccharomyces cerevisiae. The remaining 11 strains were distinct from any previously described species based on DNA sequence comparisons. They could be divided into four species groups, as shown in Table 1 . To establish the taxonomic position of the novel species, phylogenetic analysis was carried out with the combined D1/D2 and ITS sequences of all novel species and the corresponding sequences of the type strains of the members of the Starmerella clade. The tree indicated that the novel species are located in the large Starmerella subclade and form a clade (78 % bootstrap) that is distinct from the other known species (Fig. 1 ). When the ITS and D1/D2 sequences were analysed separately with the same method (data not shown), all new species also aggregated in a clade in the large Starmerella subclade, although the position of the species within the clade was not exactly the same and the bootstrap support for the clade was lower. Neither sporulation nor conjugation was observed for four novel yeast species in either mixed or pure cultures grown on a variety of different sporulation media. Therefore, we propose the novel species Starmerella anomalae f.a., sp. nov., Starmerella asiatica f.a., sp. nov., Starmerella henanensis f.a., sp. nov. and Starmerella scarabaei f.a., sp. nov. to accommodate the yeasts belonging to these four groups.
S. anomalae is a sister species to S. asiatica, a novel species proposed in this paper (Fig. 1) . The strain NYNU 147145 T of S. anomalae differed from another strain, NYNU 147147, by 3.1 % nucleotide substitutions in the D1/D2 domains and by 2.2 % nucleotide substitutions in the ITS regions, respectively. The latter value is lower than 3 % found by Nilsson et al. [23] between strains of closely related species but higher than what is usually regarded as polymorphism. However, no variability in taxonomic traits was detected among the two strains, they form a monophyletic assemblage, and, given the small number of known strains, we feel that they are better interpreted as members of a single species. When sampled adequately, other members of the Starmerella clade such as S. bombicola and Candida apicola, show considerable polymorphism in both D1/D2 and ITS sequences [24, 25] . In contrast, no sequence diversity was found in any region of the strains of S. asiatica.
In spite of the close relationship with S. asiatica, S. anomalae differed from the type strain of the former species by 5.2 % nucleotide substitutions in the D1/D2 domains and by 10.4 % nucleotide substitutions in the ITS regions. Consistent with the sequence differences, the two sister species can also be differentiated by a few physiological characteristics ( The many species in the clade including members of the genus Starmerella have been isolated from a wide variety of substrates, such as bees, flowers, leaves, sugary foods and fruit juices [10] [11] [12] 26] . Most species of this clade are associated with insects and various sugar-rich substrates that these insects visit [11, 13] . Examples are S. meliponinorum and S. neotropicalis from solitary bees [6, 7] [27, 28] . In this study, S. anomalae, S. asiatica, S. henanensis and S. scarabaei were frequently isolated from Fermentation of:
Assimilation of: In YM broth after 3 days at 25 C, the cells are ovoid to ellipsoidal (2-5Â3-6 µm) and occur singly or in pairs. Budding is multilateral ( Fig. 2a DESCRIPTION OF STARMERELLA ASIATICA HUI AND REN SP. NOV.
Starmerella asiatica (a.si.a'ti.ca. L. fem. adj. asiatica of or belonging to Asia, Asian, refers to the geographical origin of the strains investigated).
In YM broth after 3 days at 25 C, the cells are ovoid to ellipsoidal (2-4Â3-5 µm) and occur singly or in pairs. Budding is multilateral (Fig. 2b) . Sediment is formed after 1 month, but no pellicle is observed. On YM agar after 6 days at 25 C, colonies are raised, white and smooth with an entire edge. In YM broth after 3 days at 25 C, the cells are ovoid to elongated (2-6Â3-7 µm) and occur singly or in pairs. Budding is multilateral (Fig. 2c) DESCRIPTION OF STARMERELLA SCARABAEI HUI AND REN SP. NOV.
Starmerella scarabaei (sca.ra.bae'i. L. gen. masc. n. scarabaei of a scarab, referring to the substrate from which the yeast was recovered).
In YM broth after 3 days at 25 C, the cells are ovoid to ellipsoidal (1.5-4Â2-4 µm) and occur singly or in pairs. Budding is multilateral (Fig. 2d ). Sediment is formed after 1 month, but no pellicle is observed. On YM agar after 6 days at 25 C, colonies are raised, white and smooth with an entire edge. After 2 weeks in Dalmau plate culture on corn meal agar at 25 C, pseudohyphae or true mycelia are not formed. Ascospores are not observed on YM, 5 % malt extract, cornmeal and YCBAS agars in pure and mixed cultures at 17 and 25 C for up to 4 weeks. Glucose is not fermented. Glucose, inulin (weakly), L-sorbose, D-arabinose (weakly), D-ribose (weakly), glycerol, mannitol, glucitol, succinate, citrate (weakly), xylitol (weakly), D-glucuronate, D-glucono-1,5-lactone (weakly) and arbutin (weakly) are assimilated. No growth occurs in sucrose, raffinose, melibiose, galactose, lactose, trehalose, maltose, melezitose, methyl a-D-glucoside, cellobiose, salicin, L-rhamnose, D-xylose, L-arabinose, methanol, ethanol, erythritol, ribitol, galactitol, myo-inositol, DL-lactate, D-gluconate, D-glucosamine, 2-keto-D-gluconate, L-arabinitol or 5-keto-D-gluconate. Assimilation of the nitrogen compounds, nitrate, nitrite, L-lysine or D-tryptophan is positive, whereas assimilation of ethylamine, cadaverine, creatine, creatinine, glucosamine and imidazole is negative. Growth is observed at 35 C but not at 37 C. Growth in the presence of 0.1 % cycloheximide and 15% NaCl plus 5 % glucose is positive, but growth in the presence of 1 % acetic acid is negative.
Starch-like compounds are not produced. Urease activity and diazonium blue B reactions are also negative.
